Incidence distribution of cutaneous melanoma depends on phenotypic characteristics of population and geographic location. In Italy, in the period 1999-2003 Friuli Venezia Giulia (FVG) region had the second highest incidence rates for males and the third for females. We analysed melanoma and lip cancer incidence data of the FVG cancer registry for the period 1995-2005. We used Bayesian hierarchical spatial models to describe the spatial pattern by gender. We decomposed the geographical distribution of the risk in two parts: a component linked to chronic exposure and a component related to intermittent exposure. In order to model the chronic component we considered the geographical distribution of incidence cases of lip cancer, for which chronic occupational solar radiation exposure is a documented risk factor. We also analysed the distribution by site and we calculated standardised rates for body surface area. This study documents a significant gradient in the incidence of cutaneous melanoma in FVG. Highstandardised incidence rates are present in the area of Trieste and in the coastal area. The descriptive analysis by age group and by site, showed risks associated with intermittent exposures in both genders. For the coastal area the risk is especially high for sites traditionally linked to high cumulative exposures (face and neck), especially among men. The results suggest diagnostic preventive interventions in the populations living in the area of Trieste, given the high rates observed in the young age groups.
Introduction
Incidence distribution of cutaneous melanoma depends on phenotypic characteristics of population, in particular on the degree of pigmentation of the skin and the extent of solar radiation to which the people are exposed. The highest incidence rates are registered in population of Anglo-Saxon origin of Australia, New Zealand and North America, followed by people of northern Europe and those from Israel. Low frequencies are observed in southern Europe and of course, given the phenotypic characteristics, in African population (Mackay et al., 2006) .
In Italy data from cancer registries (AIRTUM, 2009) showed for the period [2003] [2004] [2005] , an incidence ratio between North and South for cutaneous melanoma between 1.5 and 2. As in many Western Countries, the temporal trend has been increasing in the last ten years, while the death rate has remained substantially stable.
Data on cutaneous melanoma of the Cancer Registry of Friuli Venezia Giulia (FVG) region showed that in the period 1999-2003 FVG had the second highest incidence rates for males (after Turin) and the third for women (after Turin and Alto Adige) in Italy. Bidoli et al. (2007) reported an incidence rate of 14.5 per 100,000 in men and 14.2 per 100,000 for women, compared with a rate of 10 per 100,000 for the pool of Italian cancer registries. The main risk factors of cutaneous melanoma are well known in the literature: pattern of exposure to the sun (intensity, duration and mode of exposure), phenotype (the degree of skin pigmentation) and the predisposition to type melanocytic skin lesions such as nevi (Adami et al., 2002) .
The site distribution is connected to the pattern of exposure to sunlight (continuous vs intermittent) (Lee et al., 1970; Green, 1992; Armstrong and Kricker, 1996) and, potentially, to the different response of melanocytes. This suggests specific causal mechanism for each site (Franceschi et al., 1996; Maldonado et al., 2003; Rivers, 2004; Whiteman et al., 1998 Whiteman et al., , 2003 . The analysis of the site distribution, however, must take into account for the body surface area (Pearl and Scott, 1986) . Epidemiological literature reported for men values between 1.7 per 100,000 unit area (lower limb) and 20.7 (face excluded ear) in Canada (1969 -1988 ), 7.7 and 59.3, respectively, in New Zealand (1968 -1990 with the exception of 1979). For women, respectively, between 3.9 (trunk) and 19.3 (face) in Canada, and between 9.3 (trunk) and 62.3 (face) in New Zealand (Bulliard et al., 1997; Bulliard, 2000) . Over time, there has been an evolution of site distribution. For example in Sweden in the period 1960-1964 the rates per 100,000 unit area were 1.0 (men) and 4.0 (women) for the lower limb and 2.8 and 1.5 respectively for the trunk. In the period 2000-2004 the values were 4.8 (men) and 15.8 (women) for the lower limb and 23.0 (men) and 13.0 (women) for the trunk, always to 100,000 units surface (our calculations from Dal et al., 2007) . Recently, a prospective multicentre study (Chiarugi et al., 2015) was carried out in Italy in order to assess the preferential development of melanoma in chronically or intermittently sun-exposed areas and the relationship between body site distribution. They found higher density ratio for shoulder and the back (2.03 and 2.14, respectively). More melanomas than expected were also observed on the face and anterior neck (1.20 and 1.25).
Comparison of site distributions based on standardised rates is usually done using the concept of relative tumour density (Pearl and Scott, 1986) since they depend on the baseline rate. Bulliard et al. (1997) for example, compared New Zealand and Canada, and found quite similar density ratios even if those countries have different entities of solar radiation: 3.92 and 4.35 for the face in men, 3.04 and 3.64 for the lower limb in women, 0.51 and 0.35 for the trunk in men, 0.45 and 0.74 for the trunk in women. In Switzerland in the years 1995-2002 density ratios are 3.72 (men) and 5.60 (women) for the face, 0.38 (men) for the lower limb and 0.69 (women) for the trunk (our elaboration of Bulliard et al., 2007) . The supposed greater frequency of melanomas of the trunk (site on intermittent exposure) reported from Sweden authors in recent years remains open, given that it has not be confirmed from calculations on the Swiss data.
The aim of this work is to study the geographical distribution of incidence of cutaneous melanoma in the period 1995-2005 in FVG (North Italy). We used Bayesian hierarchical spatial models to describe the spatial pattern in male and female. High cumulative exposures and chronic exposures occur with high rates of incidence in older age groups, reflecting a pathogenesis with long latency. The intermittent exposure (history of sunburn especially in childhood) gives rise to a high incidence rates among the younger people. We had therefore decomposed the geographical distribution of the risk in two parts: a component linked to chronic exposure and a component related to intermittent exposure. In order to model the chronic component we considered the geographical distribution of lip cancer, for which chronic occupational solar radiation exposure is a documented risk factor (Moore et al., 1999) . Ecological regression analysis completes this part.
We also analysed the distribution by site and calculated standardised rates for body surface area and density ratios. The analysis by site is designed to assess whether the geographic differences are mainly attributable to typical sites of intermittent or chronic exposures.
Data Incidence data
Incident cases from 1995 to 2005 were provided by the FVG cancer registry. The cases with ICD-IX 172, or ICD-X C43, were selected for a total of 2402 melanoma incident cases: 19 melanoma in situ were excluded, leaving 2383 cases for analysis of invasive cutaneous melanoma. Among these, 224 were malignant melanoma of unspecified site of skin. A total of 333 cases of lip cancer (code ICD-X C00) were also considered in the same period.
Ecological covariates
Information on material deprivation index, altitude and solar irradiation have been collected for ecological regression analysis. The variables used for the construction of deprivation index derived from the files of the provincial population census in 1991 (http://www.istat.it/ it/archivio/104317). In particular, for each municipality we considered the low education rate (elementary school or below), unemployment rate and the household-crowding index. The index of material deprivation was constructed, in agreement with the epidemiological literature existing in the argument (Costa et al., 2009) , by adding the z-scores for each of the three variables and for each municipality. Information on the altitude of municipalities was retrieved from ISTAT (www.istat.it). The variable was transformed into a z-score before being used in the analysis.
Information on solar irradiation was collected from the Italian Agency for New Technologies, Energy and Sustainable Economic Development ENEA (http://clisun.casaccia.enea.it/Pagine/Tabelle Radiazione.htm). The information is available for 42 of the 219 municipalities. For each municipality with missing data, we replaced the missing value with the average of the predicted values for adjacent municipalities as obtained from a regression model scheme (Besag et al., 1991; Tanner and Wong, 1987) .
Materials and Methods

Descriptive analysis
For each health company (ASS) of residence and separately for males and females, crude rates and age specific rates, standardised direct rates on theoretical European population and the standardised incidence ratios (SIR) using as reference the regional average rates were calculated for the period 1995-2005. For each of the 219 municipalities the risk was estimated as observed/expected. Expected cases were calculated using internal indirect standardisation and considering 18 age classes: 0-4, 5-9...85. Pearl and Scott (1986) introduced the relative tumour density (RTD) measure in order to create a standard way of comparing melanomas by anatomical sites. We consider RTD defined as the standardised rate of cutaneous malignant melanoma on a given body localisation divided by the fraction of the total body area occupied by the given localisation.
Bayesian hierarchical spatial models
In order to stabilise SIRs, we used the Poisson Gamma (PG) model (Clayton and Kaldor, 1987) and the Besag York and Mollié (BYM) model (Besag et al., 1991) .
We assume that the number of observed cases in the i-th municipality (i= 1... 219) Oi follows a Poisson distribution with mean Eiqi, where Ei is the number of expected cases with internal indirect standardisation and qi is the Bayesian estimate of the relative risk (BIR):
The PG model stabilises the estimates of the relative risk (RR) through the regional mean by assuming a Gamma (k,n) prior distribution qi where k and n follow an exponential distribution.
The BYM model assumes a log-linear model for the RR:
where a is an a priori flat intercept, mi is the heterogeneity random term which capture spatially unstructured overdispersion, ni is the clustering random term that capture the spatially structured variability. The term ui is a priori distributed as a Gaussian (0,1000) whilst ni followed and intrinsic conditional autoregressive ICAR model (Besag, 1974) . That is, conditionally on vl~i terms (~ i indicates areas adjacent to ith ones, l = 1, …, 184), vi, is distributed as Normal ( , lvi) where with precision lvi. The BYM model stabiles the RR both towards the general and the local mean.
Shared model
Data on melanoma and lip cancer in men were analysed using a shared component model (Held et al., 2005) . The geographic variation of the relative risks is divided into two components f and yk: the first is the shared component and the second is an additional component for the residual variation, specific to melanoma. In particular, we assume that:
Oik|JikEikµ Poisson (JikEik) where, Oik are the observed cases for the i-th area and the k-th disease (k=1 indexes the melanoma, k=2 the lip cancer). We assume a log-linear model for the relative risk of the two diseases:
where ak is a disease specific intercept representing the relative risk of disease in the k-th region, d is a scaling factor, j is the random term of clustering shared between the two diseases with conditional autoregressive distribution CAR and ji1 is the specific component for melanoma.
In all models, the posterior probability is estimated by MCMC algorithms through WinBugs1.4 software (Lunn et al., 2000) .
In the results section we reported maps of raw and smoothed Bayesian RR and posterior probabilities to be in excess respect to the regional mean choosing a threshold of 80% to be protected against false negatives (Richardson et al., 2004) .
Ecological regression models
We adapted three BYM Bayesian ecological regression models in which we alternatively included as covariates the deprivation index, altitude and solar radiation. The BYM model becomes:
where β is the regression coefficient assumed a priori weakly informative.
We also adapted the three models without the clustering random terms to explore presence of spatial confounding (Catelan et al., 2009; Hughes and Haran, 2013) 
Results
In Table 1 , we report, by health centre (ASS), crude rates, standardised rates and SIR for cutaneous melanoma for the period 1995 to 2005 in FVG. There is a high variability with SIR values ranging between 1.40 and 0.59 in men and between 1.25 and 0.80 in women. Higher risks are present in the coastal area (ASS1, ASS2 and ASS5) than in the inner zone (ASS4 and ASS6) and the mountain area (ASS3). Figure 1 reports the spatial distribution of raw SIR by municipalities. Figure 2A and 3A represent Bayesian relative risks (BIR) under the PoissonGamma model and BYM model respectively. Figures 2B and 3B report, for each municipality, the posterior probability to be in excess respect to the regional mean under the two models. The spatial pattern is clear, with higher risk in the coastal area and lower in the central and mountain area. The extent of spatial clustering can be appreciated from Table 2 in which we report the two components of the BYM model (clustering and heterogeneity) and their ratio. Age-specific rate curves for men are shown in Figure 4 (A). The trend showed an increased risk for people resident in Trieste, particularly in the younger age classes. Among the older, the coastal area showed the highest values. The same curves for women are reported in Figure 4 (B): the area of Trieste showed the highest values in age classes >60 yrs.
In Table 3 we report the crude rates, standardised rates and SIR, by ASS, for lip cancer from 1995 to 2005 in FVG. There is a high variability with SIR values ranging between 1.84 and 0.58 in men and between 2.04 and 0.48 in women.
Results for the shared model Ecological regression models Table 4 shows the maximum, median and minimum values for covariates considered, by ASS in FVG. In Figure 6 , we reported the spatial distribution of the three covariates in the region. Incidence of cutaneous melanoma (Figure 2 ) and altitude exhibit a completely different spatial distribution, while is similar with that of solar radiation. More confusing is the relationship with material deprivation. The solar irradiation distribution by municipalities was obtained by means of a Bayesian model, while for other covariates we have empirical data for each municipality. The results of the ecological regression models are shown in Table 5 . A modest inverse association is observed with the material deprivation index (-0.048; 95%CrI: -0.02; 0.04). The results are consistent in both models with and without the clustering random term. Altitude and irradiation have a spatial structure, which is strongly related to the geographical distribution of cutaneous melanoma leading to over-adjustment when the clustering term is in the model. The results of the models without clustering showed a decreased risk of 15% for one standard deviation above sea level, and an increase of 5% for unit of standard deviation in solar irradiation.
Results by site
We focused on the analysis of standardised rates per unit of body surface area and on the relative tumour density (RTD), by dividing the incident cases of melanoma by site, separately for 3 different areas: area of Trieste (ASS1), coastal area (ASS2 and ASS5) and the rest of the region (ASS3, ASS4 and ASS6). Table 6 shows, separately by sex and by area, the percentage of body surface area, the standardised rate, the standardised rate per unit area and the relative tumour density in the locations considered. In males, the standardised rate is around 18 per 100,000 for both Trieste and the coastal area, while it is around 10 per 100,000 in the rest of the region. The distribution by site, however, is very different: in the area of Trieste is the trunk to show the highest rate (33 per 100,000 unit area with RTD 1.78), while in the coastal area is the face (152 per 100,000 unit area with RTD 8.45). In women, the standardised rate is around 18 per 100,000 in the area of Trieste, while the rest of the region has values around 10/12 per 100,000. The distribution by site is very different: in the area of Trieste is still the trunk to show the highest rates per unit area (22 per 100,000 units of surface and RTD 1.28) against high values (between 18 and 26 per 100,000 units of surface with RTD between 1.7 and 2.4) for the face in the remaining areas. Table 7 shows the analysis of the relative tumour density by site and age (<50, 50-64, 65+ years). In men, trunk show higher values in younger age groups in all areas. On the other hand, the face tends to show very high values of RTD in the older age classes, especially in coastal and mountain areas. In women, we find the trunk with a high RTD at a young age, the upper and lower limbs in old age in the area of Trieste. In the coastal area, as in Trieste, upper and lower limbs in old age show high RTD, and face with high RTD. In the remaining area, only the face shows high values of RTD, in old age. 
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Discussion
The spatial distribution of the incidence of cutaneous melanoma in FVG region is very marked. The Cancer Registry has been active for many years and incompleteness of registration for selective areas of the province of Pordenone and Udine seems unlikely. In fact, the percentage of histological verification is 93% for men and 97% for women, the DCO is equal to 0% for both sexes, the ratio M/I is 0.25 for males and 0.18 for females (Bidoli et al., 2007) .
A different diagnostic assessment in the area of Trieste and in the coastal area could lead to a more accurate recognition, while elsewhere some cases may not be recognised. An effect of screening on prevalent cases is not sustainable for a period of 11 years. In addition, the differences by ASS have been documented since the birth of cancer registry and were also present in the atlas of cancer mortality in the eighties (Bidoli et al., 1999) . If a phenomenon of early diagnosis exists, this would be relative to superficial spreading type (Golger et al., 2007) . In the FVG registry, however, the percentage of classified as malignant melanoma (ICD-O-3M=M8720/3) is 47.3%, making it impossible to verify. The age-specific rate curve could involve some cohort trends. For example, among males, in Trieste, high rates for people less than fifty years old could be a symptom of a much greater risk for cohorts born after World War II that have probably been sun intermittently exposed (seaside holidays) from childhood. This may be a characteristic for the richest area in the region where occupational exposure is less prevalent. Among females, the pattern shows high rates for the Trieste population in older age groups comparing to other regional areas. Lip cancer has been associated with occupational exposure and solar radiation (Moore et al., 1999 ). The shared model shows that a small portion of the spatial distribution for melanoma is explained by common factors with lip cancer. The results suggest occupational exposures in the municipalities of the coastal zone.
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Ecological regression analysis shows that actually solar radiation is higher in the coastal area and in Trieste, and lesser in other areas. A work on data from the Styria cancer registry (Richting et al., 2007) reported lower incidence rates in mountain areas. The FVG data are consistent with that observation and with lower levels of solar radiation in that area.
As regards the analysis by site, the number of unspecified sites could affect it. However, for the FVG registry, this number is limited (9.4% at regional level). In our data we do not have a detailed classification of site and it is thus not possible to split the trunk in the front, back or abdominal area, or split limbs. This leads to a certain misclassification: the back part of the trunk has typically intermittent exposures and the front part for man but not for the woman. The upper limb, the hand and wrist have a chronic exposure, while the shoulder is the most affected by intermittent exposure. The lower limb, in the woman, is typically intermittent exposed, in particular the thigh and the hip areas (Bulliard et al., 2007) . The face is typical site of higher cumulative exposures, even of chronic type.
The results of the present study are very informative and consistent with the literature. Surprisingly, in the area of Trieste, the RTD for the face is close to one. The standardised rates per unit of body surface area show values among the highest in the literature, above 33 per 100,000 unit area in men and around 20 in women. The coastal area shows typical trends by site of chronic exposures .The analysis of the RTD by ages confirm these findings.
In the literature, the ear is reported as a site with high rates per unit of body surface area. The values for the coastal zone are consistent with the literature and also those of the remaining FVG areas, while they are relatively low, such as those of the rest of the face, in the area of Trieste. We do not believe they are due to a different coding assessment, but may reflect a different type of exposure.
We have not information on nevi counts in Cancer Registry datasets, therefore we cannot further speculate on the so-called divergent pathway hypothesis (Whiteman et al., 1998 (Whiteman et al., , 2003 . However Whiteman et al. (2006) suggest divergent pathways from different exposure patterns analysing age and site-specific melanoma density distribution. A recent paper on this issue in Italy is (Chiarugi et al., 2015) .
Conclusions
This study documents a significant gradient in the incidence of cutaneous melanoma in FVG region in the years [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] . The area of Trieste shows very high-standardised incidence rates, around 20 per 100,000 in both sexes. High rates are present also in the coastal area, with comparable values in males. The descriptive analysis by age group and by site shows risks associated with intermittent exposures in both genders. For the coastal area the risk is especially high for sites traditionally linked to high cumulative exposures (face and neck), especially among men. From public health point of view, the results suggest diagnostic preventive interventions in the populations living in the area of Trieste, given the high rates observed in the young age groups.
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